Background: Pyogenic liver abscess (PLA) in the elderly is insufficiently elucidated. A few studies attempted to investigate the role of age in PLA have yielded controversial results. The purpose of this study was to explore the possible differences in the comorbidity, microbiological characteristics and clinical course between elderly and young PLA patients. Methods: The clinical data of 332 adult PLA patients who received treatment at our hospital from January 2010 to December 2016 were collected. The demographic data, etiologies, comorbidities, clinical features, laboratory results, imaging findings, microbiological characteristics, choices of treatment and clinical outcomes were analyzed. Results: Eighty-two (24.7%) patients were older than 65 years. Comorbidities including hypertension, diabetes mellitus, and cholelithiasis were more frequently found in older patients. Elderly PLA patients were more likely to present with atypical symptoms and signs on admission. The laboratory abnormalities and imaging findings were similar between the two groups. Klebsiella pneumonia was the most common pathogen on pus culture in both groups. There were no statistically significant differences in choices of treatment, PLA-related complications and length of in-hospital stay between the two groups. And there was no in-hospital mortality.
Background
According to World Health Organization (WHO), the number of people aged 65 or older is projected to grow from an estimated 524 million in 2010 to nearly 1.5 billion in 2050. While the aging population represents a great achievement of medical advances, it also presents tremendous challenges for the public health system. Due to the progressive deterioration of the immune function with age, older people are particularly susceptible to infectious diseases. In the United States of America, elderly people (≥ 65 years of age) account for 12% of the population but almost 65% of sepsis cases [1] . Age has been shown to be an independent predictor of mortality in sepsis [1] . An epidemiology study in china also revealed that elderly sepsis patients had markedly higher mortality than their younger adult counterparts [2] . The clinical course of acute infection in elderly patients is frequently complicated by the presence of multiple chronic comorbidities. Signs and symptoms of acute infection in the elderly patients are often atypical and misleading.
Pyogenic liver abscess (PLA) is an accumulation of pus within the liver as a result of an infection. It accounts for almost half of the visceral abscess cases. Life-threatening sepsis can develop in patients with PLA. Along with the rapid aging population, both the incidence of PLA and the mean age of PLA patients have increased steadily in the past several decades [3, 4] . However, the impact of aging on PLA remains largely unknown. And there are several controversial reports on the clinical characteristics and outcomes of PLA in elderly patients [5] [6] [7] [8] [9] [10] [11] . Recent advances in antibiotic therapy, surgical techniques and intensive care have markedly improved the outcome of patients with PLA. The purpose of this study was to explore the possible differences in the comorbidity, microbiological characteristics and clinical course between elderly and young PLA patients. Here, we retrospectively analyzed the clinical data of 332 consecutive PLA patients admitted to our hospital and explored the possible differences in the comorbidity, microbiological characteristics and clinical course between elderly and young PLA patients.
Methods

Patients
We screened consecutive patients who were admitted to the first affiliated hospital of Xi'an Jiaotong University for treatment of PLA between January 2010 and December 2016. The diagnostic criteria were described previously [12] . This study was approved by the Ethics Committee of the First Affiliated Hospital of Xi'an Jiaotong University (XJTU1AF2015LSL-057). The patient's informed written consent to analysis of their medical records was waived due to the retrospective nature of this study. And no further permission from the hospital was required.
Data collection
Part of the data in this study was used to assess the impact of previous abdominal surgery on clinical characteristics and prognosis of PLA [12] . The medical records of all patients, including demographic data, etiologies, comorbidities, surgery history, clinical features, laboratory results, imaging findings, microbiological characteristics, treatments, complications and outcomes were reviewed retrospectively as we previous described [12] . 
Results
Demographic data and comorbidities
From January 2010 to December 2016, a total of 332 adult patients were admitted to our hospital for treatment of PLA. The median age was 57 years (range 18-89). Eighty-two (24.7%) patients were older than 65 years. The demographic data, etiologies, comorbidities and surgery history were summarized in 
Clinical features, laboratory results and imaging findings
As shown in Table 2 , fever, chills and abdominal pains were the three most common symptoms of PLA. There were no differences in these three symptoms between elderly and young PLA patients. However, more elderly PLA patients presented with nausea (P = 0.016) and vomit (P = 0.006) than young PLA patients on admission. Elderly PLA patients appeared to have a slight lower body temperature than their young counterparts (P = 0.062). Furthermore, elderly PLA patients had a faster heart rate than young PLA patients on admission (P = 0.042). In terms of laboratory results and imaging findings, however, there were no significant differences between the two groups.
Microbiological characteristics
The bacterial species identified from the patients' samples are summarized in Table 3 . Of the 332 PLA patients in this cohort, the pus culture result was available in 202 (60.8%) patients. Among them, 142 (70.3%) patients showed positive bacterial culture. Klebsiella pneumonia was the most common pathogens on pus culture in both groups. The blood culture result was available in 151 (45.5%) patients. Among them, 40 (26.5%) had an identifiable organism. Klebsiella pneumonia remained the most common pathogen in patients under 65 years of age, while Escherichia coli were the most common pathogen in patients over 65 years of age on blood culture. The elderly PLA patients appeared to have a slightly higher negative rate (no growth) on both pus and blood culture than young ones in our study. However, the differences did not reach statistically significant. Overall, no significant differences were found on the pus and blood culture results between the two groups.
Treatment and outcomes
As shown in Table 4 , the majority of PLA patients in this cohort required either percutaneous or surgical drainage. Five (1.5%) patients initially treated with antibiotics alone required subsequent drainage and 2 (0.6%) patients initially treated with percutaneous drainage required surgical drainage. There were 44 PLA patients with gallstones in this study. Twenty patients had a cholecystectomy at the time of abscess drainage. Others were managed with antibiotics alone (n = 8), percutaneous drainage (n = 11) and surgical drainage (n = 5). In young PLA patients, 26.0% were managed with antibiotics alone, 59.2% required percutaneous drainage, and 14.8% required surgical drainage. In elderly PLA patients, on the other hand, 37.8% were managed with antibiotics alone, 48.8% required percutaneous drainage, and 13.4% required surgical drainage. A total of 170 patients (51.2%) received empirical antibiotic treatments in this study. There were no statistically significant differences in the percentage of patients received empirical antibiotic treatments between the two groups. The proportion of patients who required percutaneous or surgical drainage was also similar between the two groups (P = 0.120, Table 4 ). There were no statistically significant differences in length of antibiotics required between young and older PLA patients. Interestingly, days taken for temperature normalization were significantly shorter in elderly PLA patients than young ones (P = 0.040, Table 4 ). However, there were no differences in the incidence of PLA-related complications and length of in-hospital stay between the two groups. The number of patients received antibiotic therapy in the preceding 3 months and required re-operation were also similar between young and elderly groups (Table 4) . Only 16 patients required ICU care in this study. There was no significant difference in the length of ICU stay between the groups. And there was no in-hospital mortality in this cohort (Table 4) .
Prognostic factors associated with the development of sepsis in PLA patients
Sepsis is a common and serious complication of PLA. In this study, a total of 154 patients (46.4%) developed sepsis or septic shock. As shown in Table 5 , the development of In-hospital mortality 0 0 0 sepsis or septic shock was significantly associated with hepatic artery seeding, cryptogenic infection, history of alcohol drinking and previous abdominal surgery in the univariate analysis. In the multivariate analysis, however, only hepatic artery seeding remained independently associated with the development of sepsis.
Prognostic factors associated with prolonged time (≥7 days) taken for temperature normalization in PLA patients
Normalization of body temperature is an indicator of recovery in PLA patients. A multivariate analysis was performed to determine the independent factors associated with prolonged time (≥7 days) taken for temperature normalization in PLA patients. As shown in Table 6 , male and alcohol drinking were associated with shorter time taken for temperature normalization in PLA patients.
Discussion
Clinical characteristics and outcomes of PLA in elderly patients are insufficiently elucidated. A few studies attempted to investigate the role of age in PLA have yielded controversial results [5] [6] [7] [8] [9] [10] . In the current study, we found that elderly PLA patients were more likely to have underlying diseases and present with atypical symptoms and signs on admission. However, the microbiological characteristics and clinical courses of young and elderly PLA patients were similar. More importantly, there were no major differences in the overall outcomes between young and elderly PLA patients. Comorbidities such as hypertension, diabetes mellitus, and cholelithiasis were more frequently found in older patients. This is expected as it reflects a greater prevalence of these diseases in the elderly population. In the current study, we also found that men under 65 were more likely to develop PLA than women; however, the PLA incidence appeared to increase in elderly women. This result is consistent with several previous observations [5, 6] . Hormonally active women are better protected from sepsis than men [13, 14] . This gender bias may be attributed to female sex hormones. Sex hormones play an important role in inflammatory responses [14] [15] [16] [17] [18] . Animal studies have consistently shown a survival advantage in females in critical illness including sepsis [19] [20] [21] . Estrogen administration or blockade of the testosterone receptor has been shown to reduce organ injury in experimental models of sepsis [13, 22, 23] . Thus, the trend in gender distribution with age can be explained by the reduced estrogen level in postmenopausal women which makes them more susceptible to PLA than their younger counterparts. The clinical presentations, laboratory abnormalities, imaging findings and microbiological characteristics were similar in the two groups. However, the elderly patients had a lower body temperature and a higher heart rate than young patients in our study. In addition, the elderly PLA patients were more likely to have non-specific gastrointestinal complaints such as nausea and vomit than their younger counterparts on admission. Consistent with findings in other PLA studies conducted in Asia [24] [25] [26] [27] , the most frequent pathogen identified in this study was Klebsiella pneumonia. However, the elderly PLA patients appeared to have a slightly lower positive rate on both pus and blood culture than young ones in our study. Thus, the diagnosis of PLA can be challenging in the geriatric population. Clinicians need to be vigilant when encounter elderly patients with atypical symptoms and signs of PLA.
In this study, the patients were treated by physician discretion based on each patient's condition. In general, selection of therapeutic methods was dependent on the number and size of abscesses, degree of abscess liquefaction, separation of abscess cavity, with/without other comorbidities, patients' response to antibiotics and personal experience of the physicians. For the method of drainage, percutaneous treatment was first taken into consideration. However, surgical drainage was used if the diameter of the abscess was larger than 5 cm, multilocular abscesses were present, percutaneous drainage failed, or when surgical treatment of the underlying cause of PLA was required [28] .
Advanced age is an important contributor to morbidity and mortality in patients with sepsis [1] . However, the impact of aging on outcomes of patients with PLA remains unclear. Some studies have indicated that older age was associated with increased mortality in PLA [6, 29] , while others have shown that older PLA patients had a fair or similar outcome compared with their younger counterparts [5, 7] . In terms of the treatment options, the majority of PLA patients in this cohort required either percutaneous or surgical drainage. We did not find any significant differences in the therapeutic procedures performed between young and elderly PLA patients. More importantly, elderly and young PLA patients had a similar clinical outcome in the current study. We did not find any significant differences in PLA-related complications between young and elderly PLA patients. And it even took less time for elderly PLA patients' temperature to return to normal than young ones. However, this does not necessary mean elderly PLA patients recover faster than young patients, as elderly PLA patients had slight lower body temperatures than young ones on admission. Owing to advances in imaging techniques and novel antibiotics, mortality from PLA has been steadily decreasing during the past several decades [3, 4] . In this cohort, no patients died during their stay in the hospital. This result demonstrates that with effective treatment both elderly and young PLA patients can be cured. Several limitations of this study need to be considered. First, we only included patients from a single center. Substantial differences in etiology, treatment and outcomes of PLA have been revealed in studies from different regions [30] . Therefore, our findings need to be validated by multicenter studies. Second, we only investigated the short-term outcomes of PLA in this study. This is due to the consideration that the underlying disease would significantly influence the long-term outcomes of the patient. And life-expectancy is expected to be shorter in elderly patients. To evaluate the impact of aging on the long-term outcomes of PLA, a prospective propensity score-matched study is warranted in the future. Finally, this is a retrospective study. The results are subject to a selection bias, recall bias and some residual confounding. A prospective multicentric study should be performed to validate our findings.
Conclusions
The clinical presentations, laboratory abnormalities, imaging findings and microbiological characteristics were similar in young and elderly PLA patients. However, elderly PLA patients were more likely to have underlying diseases and tended to present with atypical symptoms and signs on admission. Physicians need to be on high alert when encounter possible elderly PLA patients. However, older PLA patients had comparable outcomes as their younger counterparts. With effective treatment, both elderly and young PLA patients can be cured. 
